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(57) ABSTRACT

To provide an ¢jector mechamism of an injection molding
machine that improves handling performance of a sound-
prool cover while ensuring excellent sound-proof perior-
mance. An e¢jector mechanism of an injection molding
machine comprises: a plurality of ball screws that rotates
clockwise and counterclockwise about an axis to make an
¢jector plate and an ejector pin advance and retreat together;
a plurality of dniven pulleys and each connected to a
corresponding one of the ball screws; a driving pulley that
rotates clockwise and counterclockwise 1in response to the
driving of a driving motor; an endless transmission belt
wound on the driving pulley and the driven pulleys; an idler
pulley on which the transmission belt 1s wound 1n such a
manner as to define a small area of a region surrounded by
the endless transmission belt wound on the driving pulley

(Continued)
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and the driven pulleys; and a sound-proof cover provided to

cover the driving pulley, the driven pulleys, the idler pulley,
and the transmission belt.

(56)
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EJECTOR MECHANISM OF INJECTION
MOLDING MACHINE

This application 1s based on and claims the benefit of
priority from Japanese Patent Application No. 2019-019799,
filed on 6 Feb. 2019, the content of which 1s incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an ejector mechanism of
an injection molding machine.

Related Art

An 1jection molding method (injection molding
machine) has conventionally been used 1n many cases as 1t
can produce moldings of complicated shapes efliciently 1n
large quantity.

The configuration of an injection molding machine
includes: a clamping device that moves a moving platen
(moving platform) relative to a stationary platen (stationary
platform) for opening, closing, and clamping of molds 1n a
pair 1mcluding a stationary-side mold and a moving-side
mold; and an injection device provided to be movable
relative to the stationary platen using a feed mechanism. The
injection device injects a molding material such as molten
resin 1to a cavity in the clamped molds 1n a patr.

The mjection molding machine further includes an ejector
mechanism (extruding mechanism) for removing a molding,
attached to the molds after opening of the molds 1n a pair.

As shown 1n FIGS. 9 and 10, an ejector mechanism 100
includes: a plurality of guide rods 20 provided at a moving
platen 1, each having one end connected to the moving
platen 1, and extending in a mold opening and closing
direction (clamping direction) conforming to the direction of
an axis O1 of an injection molding machine; a guide rod
plate 21 attached to the other end of the guide rod 20; an
ejector plate 22 provided with an ejector pin for extruding a
molding and configured to advance and retreat freely in the
mold opening and closing direction under guidance by the
guide rods 20; a plurality of ball screws 23 each having one
end rotatably supported on the moving platen 1 and the other
end rotatably supported on the guide rod plate 21, and
rotating clockwise and counterclockwise around the axis to
make the ejector plate 22 advance and retreat; a plurality of
driven pulleys 24 and 25 each attached to the one end of a
corresponding one of the ball screws 23 rotatably supported
on the guide rod 20; a driving pulley 27 driven to rotate by
the driving of a driving motor 26; and an endless transmis-
sion belt 28 wound on the driving pulley 27 and the driven
pulleys 24 and 25 1n meshing engagement therewith (see
patent document 1, patent document 2, patent document 3,
and patent document 4, for example).

When the driving motor 26 1s driven to drive the driving
pulley 27 to rotate clockwise and counterclockwise, the
transmission belt 28 rotates clockwise and counterclock-
wise. Together with this rotation, the driven pulleys 24 and
25, eventually, the ball screws 23 rotate clockwise and
counterclockwise. This allows the ejector plate 22 and the
ejector pin to advance and retreat in the direction of the axis
O1, so that a molding can be extruded and removed from
molds (demolded) with the ejector pin 1 an advanced
position.
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During the driving of the ejector mechanism 100, noise 1s
caused from contact areas between parts such as the driving
pulley 27, the driven pulleys 24 and 235, the transmission belt
28, etc. In response to this, the ejector mechanism 100 1s
generally provided with a sound-proot cover 29 for covering
the parts such as the driving pulley 27, the driven pulleys 24
and 25, the transmission belt 28, etc. and for reducing noise.

Patent Document 1: Japanese Unexamined Patent Appli-
cation, Publication. No. 2006-021338

Patent Document 2: Japanese Unexamined Patent Appli-
cation, Publication No. 2006-150597

Patent Document 3: Japanese Unexamined Patent Appli-
cation, Publication No. 2009-143028

Patent Document 4: Japanese Unexamined Patent Appli-
cation, Publication No. 2012-091220

SUMMARY OF THE INVENTION

However, providing the sound-prool cover i such a
manner as to cover the parts such as the driving pulley, the
driven pulleys, the transmission belt, etc. entirely arranged
on the opposite side of the moving platen across the guide
rod plate unintentionally results 1n significant size increase
of the sound-proof cover. This has caused inconvemence 1n
terms of bad handling performance of the sound-proof
cover, even though the sound-proof cover achieves excellent
sound-proof performance.

In some cases, a sound-proof cover 1s 1nstalled for each of
contact areas between the parts such as the driving pulley,
the driven pulleys, the transmission belt, etc. However, this
configuration causes exposure of a part such as the trans-
mission belt located 1n an area other than the contact areas,
causing a problem of reduced sound-proof performance.

Hence, a method or means for improving handling per-
formance of the sound-proof cover while ensuring excellent
sound-prool performance has strongly been desired.

One aspect of this disclosure comprises: a plurality of ball
screws that rotates clockwise and counterclockwise about an
ax1is to make an ejector plate and an ejector pin advance and
retreat together; a plurality of driven pulleys each connected
to a corresponding one of the ball screws; a driving pulley
that rotates clockwise and counterclockwise 1n response to
the driving of a driving motor; an endless transmission belt
wound on the driving pulley and the driven pulleys; an idler
pulley on which the transmission belt 1s wound 1n such a
manner as to define a small area of a region surrounded by
the endless transmission belt wound on the driving pulley
and the driven pulleys; and a sound-proof cover provided to
cover the driving pulley, the driven pulleys, the 1dler pulley,
and the transmission belt.

According to the one aspect of this disclosure, the area of
the region surrounded by the endless transmission belt can
reduced by the provision of the i1dler pulley. This allows size
reduction of the sound-proof cover covering the driving
pulley, the driven pulleys, and the idler pulley. By doing so,
handling performance of the sound-proof cover can be
improved while excellent sound-proof performance 1is
ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an 1njection molding machine according to

an embodiment;
FIG. 2 shows an ejector mechanism of the injection
molding machine according to the embodiment;
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FIG. 3 1s a view taken along an arrowed line X1-X1 of
FIG. 2 and 1s a sectional view showing the ejector mecha-
nism of the imjection molding machine according to the
embodiment;

FIG. 4 shows a sound-proof cover of the ejector mecha-
nism of the imjection molding machine according to the
embodiment;

FIG. 5 shows a first split piece of the sound-proot cover
of the ¢jector mechanism of the injection molding machine
according to the embodiment;

FIG. 6 shows a second split piece of the sound-proof
cover of the ejector mechanism of the ijection molding
machine according to the embodiment;

FIG. 7 shows a third split piece of the sound-proof cover
ol the ejector mechanism of the injection molding machine
according to the embodiment;

FIG. 8 shows a third split piece of the sound-proof cover
of the ¢jector mechanism of the injection molding machine
according to the embodiment;

FIG. 9 shows an ejector mechanism of a conventional
injection molding machine; and

FIG. 10 1s a view taken along an arrowed line X1-X1 of

FIG. 9 and 1s a sectional view showing the ejector mecha-
nism of the conventional injection molding machine.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

An ¢jector mechanism of an 1njection molding machine
according to an embodiment of the present invention will be
described below by referring to FIGS. 1 to 8.

As shown 1n FIG. 1, an mjection molding machine A of
the embodiment includes: a clamping device Al that moves
a moving platen 1 frontward and rearward in a horizontal
transverse direction 11 relative to a stationary platen 2 for
opening, closing, and clamping of a mold 3 and a mold 4; an
injection device (not shown) provided to be movable relative
to the stationary platen 2 using a feed mechanism and used
for injecting a molding material such as molten resin 1nto a
cavity 1n the clamped molds 3 and 4 1n a pair; and an ejector
mechanism B for taking a molding out of the molds 3 and
4.

As shown 1n FIG. 1, the clamping device Al includes: a
rear platen 5 provided on the opposite side of the stationary
platen 2 across the moving platen 1; a plurality of tie bars 6
cach defining an axis direction pointed in the horizontal
transverse direction T1, having one end fixedly connected to
the rear platen 5 and the other end fixedly connected to the
stationary platen 2, and supporting the moving platen 1 1n a
manner allowing advance and retreat of the moving platen 1
while penetrating the moving platen 1; a crosshead 13 linked
to a ball screw 7 through a ball nut, and advancing and
retreating frontward and rearward 1n response to the rotation
of the ball screw 7 about an axis O1; a toggle mechanism 9
for making the moving platen 1 advance and retreat in
response to the advance and retreat of the crosshead 13; a
guide rod 15; and a gmde rod support 16.

The stationary platen 2 and the rear platen 5 are provided
fixedly on a base (machine base) 14. The moving platen 1 1s
supported by the base 14 and the tie bar 6 1n such a manner
as to be capable of advancing and retreating frontward and
rearward 1n the transverse direction T1.

The toggle mechamism 9 1s a mechanism connected to
both the rear platen 5 and the moving platen 1 and used for
making the moving platen 1 advance and retreat. The toggle
mechanism 9 1s configured by connecting a toggle link, a
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4

toggle pin, and the crosshead 13 1n a manner allowing each
of the toggle link, the toggle pin, and the crosshead 13 to
pivot freely.

In response to the clockwise and counterclockwise rota-

tion of the ball screw 7 about the axis O1, the crosshead 13
linked to the ball nut threadedly engaged with the ball screw
7 moves Irontward and rearward. Further, as the toggle link
pivots at each connecting point to expand and contract the
toggle mechanism 9 frontward and rearward in the trans-
verse direction T1, the toggle mechanism 9 amplifies the
force of the crosshead 13 to generate force for making the
moving platen 1 advance and retreat, eventually, generate
force of clamping the molds 3 and 4 in a paur.
The configuration of a driving device 11 for rotating the
ball screw 7 includes: a driven pulley 11a attached to one
end of the ball screw 7 supported on the rear platen 5 with
a bearing, for example, 1n such a manner as to be rotatable
about the axis O1; a driving motor 115; a driving pulley 11c¢
attached to the rotary axis of the driving motor 115; and an
endless transmission belt 114 wound on the driven pulley
11a and the drniving pulley 11c.

Driving the driving motor 115 makes the transmission belt
11d rotate. In response to this rotation, the driven pulley 11a
rotates to rotate the ball screw 7 about the axis O1. Then, the
crosshead 13 advances and retreats frontward and rearward
in response to the rotation of the ball screw 7 to expand and
contract the toggle mechanism 9, thereby allowing the
moving platen 1 to advance and retreat frontward and
rearward.

As shown 1n FIGS. 2 and 3 (FIG. 1), the configuration of
the ejector mechanism B of the mjection molding machine
of the embodiment includes: four (a plurality of) guide rods
20 for ¢jector provided at the moving platen 1, each having
one end connected to the moving platen 1, and extending 1n
an opening and closing direction of the molds 3 and 4
(clamping direction) conforming to the direction of the axis
O1 of the injection molding machine A; a guide rod plate 21
attached to the other end of the guide rod 20; an ejector plate
22 provided with an ejector pin for extruding a molding and
configured to advance and retreat freely 1n the opening and
closing direction of the molds 3 and 4 under guidance by the
four guide rods 20; two (a plurality of) ball screws 23 each
having one end rotatably supported on the moving platen 1
and the other end rotatably supported on the guide rod plate
21, and rotating clockwise and counterclockwise around the
ax1is to make the ejector plate 22 advance and retreat; two (a
plurality of) driven pulleys 24 and 25 each attached to the
one end of a corresponding one of the two ball screws 23
rotatably supported on the guide rod 20; a driving pulley 27
driven to rotate by the driving of a driving motor 26; and an
endless transmission belt 28 wound on the driving pulley 27
and the two driven pulleys 24 and 25 in meshing engage-
ment therewith.

The e¢jector mechanism B of the injection molding
machine A of the embodiment further includes: an idler
pulley 30 on which the transmission belt 28 1s wound 1n such
a manner as to define a small area of a region R surrounded
by the endless transmission belt 28 wound on the dniving
pulley 27 and the two driven pulleys 24 and 25 (the area of
circling motion of the transmission belt 28); and a sound-
prool cover 31 provided as to cover the driving pulley 27,
the two driven pulleys 24 and 25, the i1dler pulley 30, and the
transmission belt 28.

The two ball screws 23, eventually, the two driven pulleys
24 and 25 and the two guide rods 20 are arranged on the
diagonal lines of the ejector plate 22 having a shape like a
rectangular flat plate.
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More specifically, 1n the embodiment, the two ball screws
23, eventually, the two driven pulleys 24 and 25 are arranged
symmetrically with respect to the axis O1 of the 1njection
molding machine A. One ball screw 23a (23) and the driven
pulley 24 are arranged above the axis O1 and closer to one
side 1n a width direction T2 than the axis O1. The other ball
screw 23b (23) and the driven pulley 25 are arranged below
the axis O1 and closer to the other side 1n the width direction
12 than the axis O1.

The four guide rods 20 are arranged symmetrically with
respect to the axis O1 of the injection molding machine A.
A guide rod 20a (20) 1s arranged directly above the axis O1.
A guide rod 2056 (20) 1s arranged directly below the axis O1.
A guide rod 20c¢ (20) 1s arranged above the axis O1 and
closer to the other side 1n the width direction T2 than the axis
O1. A guide rod 204 (20) 1s arranged below the axis O1 and
closer to the one side 1n the width direction T2 than the axis
O1.

The 1dler pulley 30 of the embodiment 1s arranged 1n such
a manner that the transmission belt 28 between the driving
pulley 27 and the lower driven pulley 25 adjacent to the idler
pulley 30 1s wound on the idler pulley 30. The 1dler pulley
30 1s arranged closer to the axis O1 in the width direction T2
than the lower driven pulley 235, between the upper driven
pulley 24 and the lower driven pulley 25 in a vertical
direction T3, and between the lower driven pulley 25 and the
upper guide rod 20a (20) in the vertical direction T3.

The sound-proof cover 31 of the embodiment covering
the driving pulley 27, the two driven pulleys 24 and 235, the
idler pulley 30, and the transmission belt 28 1s formed by
bending sheet metal, for example. As shown 1n FIGS. 2 and
4, the sound-proof cover 31 1s split into three.

As shown 1 FIGS. 2, 4, and 5, a first split piece 31a of
the sound-proof cover 31 1s formed mto a box-like shape
with one opened side and has an end portion on the opened
side connected to a support plate 32 (see FIG. 2) supporting
the driving motor 26. The first split piece 31a 1s arranged to
cover the driving pulley 27 on the opposite side of the
moving platen 1 relative to the support plate 32 and a part
ol the transmission belt 28 wound on the driving pulley 27,
and to house the covered parts together with the support
plate 32.

As shown 1 FIGS. 2, 4, and 6, a second split piece 315
of the sound-proof cover 31 1s formed into a box-like shape
with one opened side and has an end portion on the opened
side connected to the guide rod plate 21. The second split
piece 315 1s arranged to cover the two driven pulleys 24 and
25 on the opposite side of the moving platen 1 relative to the
guide rod plate 21, the idler pulley 30, and a part of the
transmission belt 28 wound on the driven pulleys 24 and 25
and the idler pulley 30, and to house the covered parts
together with the guide rod plate 21.

As shown 1 FIGS. 2, 4, 7, and 8, a third split piece 31c¢
and a third split piece 314 of the sound-proof cover 31
include two members 31¢ and 314 each having an angular
U-shape 1n cross section, and are formed into a substantially
rectangular tubular shape by assembling the two members
31c¢ and 31d. The third split pieces 31¢ and 314 are arranged
to house a part of the transmission belt 28 stretched from the
driving pulley 27 to the upper driven pulley 24 and a part of
the transmission belt 28 stretched from the driving pulley 27
to the idler pulley 30 therein. Further, the third split pieces
31c¢ and 31d each have one end portion connected to the first
split piece 31a and the other end portion connected to the
second split piece 315.

In the ejector mechanism B of the imjection molding
machine A of the embodiment having the foregoing con-
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figuration, the idler pulley 30 1s provided and the area of the
region R surrounded by the transmission belt 28 wound on

the driving pulley 27 and the driven pulleys 24 and 25 1s
small. This achieves size reduction of the sound-proof cover
31 while the sound-proof cover 31 covers the driving pulley
277, the driven pulleys 24 and 25, the idler pulley 30, and the
transmission belt 28.

Providing the idler pulley 30 and holding the transmission
belt 28 from the 1nside of the transmission belt 28 makes 1t
possible to 1increase meshing engagement of the transmis-
sion belt 28 with the driving pulley 27 and the driven pulleys
24 and 25. By doing so, driving force can be transmaitted
ciliciently, precisely, and eflectively through the transmis-
sion belt 28 to the driven pulleys 24 and 25, eventually, to
the ball screws 23.

The i1dler pulley 30 1s arranged 1n such a manner that the
transmission belt 28 between the driving pulley 27 and the
driven pulley 25 adjacent to the i1dler pulley 30 1s wound on
the 1dler pulley 30. By doing so, the area of the region R
surrounded by the transmission belt 28 can be reduced
cllectively to encourage size reduction of the sound-proof
cover 31 and improvement of performance of transmitting
driving force.

Forming the sound-proof cover 31 as a member with a
plurality of split pieces facilitates attachment and removal of
the sound-proof cover 31. This improves handling perfor-
mance during change of the transmission belt 28, for
example.

As a result, the ¢jector mechanism B of the 1n molding
machine A of the embodiment allows improvement of
handling performance of the sound-proof cover 31 and
improvement of performance of transmitting driving force
while ensuring excellent sound-proof performance.

While the embodiment of the ejector mechanism of the
injection molding machine according to the present inven-
tion has been described above, the present invention should
not be limited to the foregoing embodiment but can be
changed, where approprniate, within a range not deviating
from the substance of the mnvention.

For example, while the injection molding machine
according to the present invention has been described as a
horizontal 1njection molding machine, the present invention
1s further applicable to a vertical (longitudinal) 1njection
molding machine.

EXPLANATION OF REFERENCE NUMERALS

1 Moving platen

2 Stationary platen

3 Stationary-side mold
4 Moving-side mold

5 Rear platen

6 Tie bar

7 Ball screw

9 Toggle mechanism
11 Driving device

13 Crosshead

15 Guide rod
16 Guide rod support
20 Guide rod
21 Guide rod plate
22 Fjector plate
23 Ball screw

24 Driven pulley
25 Driven pulley
26 Driving motor
27 Driving pulley
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28 Transmission belt

29 Conventional sound-proof cover

30 Idle pulley

31 Sound-proof cover

A Imjection molding machine

Al Clamping device of injection molding machine
B Ejector mechanism of injection molding machine
O1 Axis of 1injection molding machine

11 Transverse direction (front-rear direction)

12 Transverse direction (width direction))

13 Vertical direction

What 1s claimed 1s:

1. An ¢jector mechanism of an mjection molding machine
comprising: a plurality of ball screws that rotates clockwise
and counterclockwise about an axis to make an ejector plate
and an ejector pin advance and retreat together along a
central axis of the gjector plate;

a plurality of driven pulleys each connected to a corre-

sponding one of the ball screws;

a driving pulley that rotates clockwise and counterclock-

wise 1n response to the driving of a driving motor;
an endless transmission belt wound on the driving pulley
and the driven pulleys;
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an 1dler pulley on which the transmission belt 1s wound 1n
such a manner as to define a small area of a region
surrounded by the endless transmission belt wound on
the driving pulley and the driven pulleys; and

a sound-proof cover provided to cover the driving pulley,
the driven pulleys, the 1dler pulley, and the transmission

belt;

wherein the 1dler pulley 1s arranged 1n such a manner that
the transmission belt between the drniving pulley and
one of the driven pulleys adjacent to the i1dler pulley 1s
wound on the idler pulley;

wherein the 1dler pulley 1s located closer to the central
axis 1 a first direction orthogonal to the central axis
than the one of the driven pulleys adjacent to the idler
pulley;

wherein the idler pulley 1s between the one of the driven
pulleys adjacent to the idler pulley and another one of
the driven pulleys in a second direction orthogonal to
the first direction; and

wherein the idler pulley 1s between a guide rod parallel to
the central axis supporting the ejector plate to advance
and retreat, and the one of the driven pulleys adjacent
to the 1dler pulley 1n the second direction.
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